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[54) Polymeric gas or air filled microballoons usable as suspensions in liquid carriers for ultrasonic 
echography. 



(g) Air or gas filled microballoons bounded by an 
interfacially deposited polymer membrane 
which can be dispersed in aqueous carrier li- 
quids to be injected into living organisms or 
administered orally, rectatly and urethrally for 
therapeutic or diagnostic purposes 
(echography). The properties of the polymeric 
membrane of the microbafloons (elasticity, per- 
meability, biodegradabiltty) can be controlled at 
will depending on the selected polymer, the 
interfacial deposition conditions, and the 
polymer additives. 
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The present invention concerns air or gas filled 
m( Jcep 8U 'es or m<croba..oons endosed by an 
oSolymer envelope which can be Aspersed o 
suspended n aqueous media and used .nth.sformfor 
ore recS and urethral applications or for mjecUon 5 
fnto'lMng beings, for instance for the purpose of 
echography and other medical appl. 

^e invention also comprises a method for mak- 
inQ s?am^ba»oon S inthedr y state.the«atterbemg ,o 

2Z* disperse in an aqueous liquid earner to 
g ^Usionswimimpmvedproper,iesoverex,t- 

L similar products. Hence, suspenses of the 
IXZoons in a carrier liquid ready for adm.n.s- 

tration are also part of the invention. T, 
Hiswell known thatmicrobod.esorm.croglobules 

ofairoragas.e.9. microspheres HKe -«o^eso 
microballoons, suspended - .n a l.qu.d are 
Optionally eftoent ultrasound reflectors for 

.n M disdosure me term of -m-cro u - » 
ble-7pedf.ca.ly designates air or gas m.crosphe es ,n 
Lpenston in a carrier liquid which general, result 
XTm. introduce therein of air or a gas .r 
form, the liquid preferably also conta.n.ng 2S 
or tensides to control the surface prcpert.es and the 25 
S of the bubbles, -n the --bubbles the gas 
to.iquWinterfaceessent.ally comprises loosely bound 
Jecu.es of the carrier ..quid. The term of m.aocap- 
sule" or -microbalioon- des.gnates preferably a.r o 
gas bod.es with a ma.er.a. boundary or envelope of 30 
Lecu.es other than that of trie carrier ^qu.d ..e. a 
polymer membrane wa... Both rn.crobubb.es jmd 
microballoons are useful as ultrason.c contra 
agents. For instance .nj.et.ng .nto the Woodswam of 
living bodies suspenses of gas rn.crobubb.es o 3- 
microballoons (in the range of 0.5 to 1 0 nm) .n a earner 
liquid will strongly reinforce ul.rasomc echography 
imaging, thus aid.ng in the visua.izat.on of .n.erna. 
organ™ Imaging of vessels and interna, organs an 
singly he.p in med.cal d.agnos.s. for .nstance for the 40 
detection of cardiovascular and other d'sease^ 

The formation of suspenses of m.crobubbles m 
an injectable liquid carrier suitable for echog raphy -can 
be produced by the re.ease of a gas d,sso.ve under 
presage in this liquid, or by a chem.ca. react on « 
generating gaseous products, or by adm.x.ng w,th the 
liquid soluble or insoluble solids contain.ng a.r or gas 
trapped or adsorbed therein. 

For instance. In US-A^.446.442 (Schenng) 
there are disclosed a series of different techn.ques for 50 
producing suspensions of gas microbubbles in a sten- 
Uzed injectable liquid carrier using (a) a solut.on of a 
tenskJe (surfactant) in a carrier liquid (aqueous) and 
(b) a solution of a viscosity enhancer as stabtaer. For 
generating the bubbles, the techniques d.sclosed 55 
there mdude forcing at high velocity a m.xture of (a) 
(b) and air through a small aperture; or inject.ng (a) 
into (b) shortly before use together with a phys.ologi- 



cally acceptable gas; or adding an acid to (a) and a 
carbonate to (b). both components be.ng m.xed 

carbonate to generate CO, bubbles; or add.ng an 
over-pressurized gas to a mixture of (a) and (b) unde 

storage, said gas being released into m.crobubbles at 
the time when the mixture is used for .nject.on 

One problem with microbubb.es is that they are 
generally short-lived even in the presence .of stabd*- 
ers Thus, in EP-A-131.540 (Schenng). there ,s d.s- 
closed the preparation of microbubble suspenses .n 
which a stabilized injectable carrier liquri e.g^ a 
physiological aqueous solution of salt, or a solution a 
a sugar like maltose, dextrose, .actose or • ga lac ose^ 
is mbced with solid micropartides (in the 0.1 to 1 pm 
range) of the same sugars containing entrapped a.r. 
In order to develop the suspension of bubbles .n the 
liquid carrier, both liquid and solid components are 
agitated together under sterile cond.tK.ns for a few 
seconds and. once made, the suspens.on must the 
be used immediately, i.e. it should be .njected w.th.n 
5-1 0 minutes for echographic measurements: .ndeed. 
because the bubbles are evanescent, the concen- 
tration thereof becomes too low for being prachca. 
after that period. 

Another problem with microbubbles for 
echography after injection is size. As commonly 
admitted, microbubbles of useful size for ahow-ng 
easy transfer through small blood vessels range from 
about 0.5 to 10 pm: with larger bubbles, there are nsks 
of clots and consecutive emboly. For instance .n the 
bubble suspensions disclosed in US-A-l .446.442 
(Schering) in which aqueous solutions of surfactants 
such as lecithin, esters and ethers of fatty ac.ds and 
fatty alcohols with polyoxyethylene and polyoxyethy- 
lated polyols like sorbitol, glycols and glycerol, 
cholesterol, or polyoxy-ethylenepolyoxypropy ene 
polymers, are vigorously shaken with solut.ons of v.s- 
cosity raising and stabilizing compounds such as 
mono- and polysaccharides (glucose, lactose, suc- 
rose, dextran, sorbitol); polyols. e.g. glycerol, polyg- 
.ycols; and polypeptides like proteins. gelaUn 
oxypolygelatin and plasma protein, only about 50 /. of 
the microbubbles are below 40-50 urn which makes 
such suspensions unsuitable in many echography 
application. 

In contrast microcapsules or microballoons have 
been developed in an attempt to cure some or the 
foregoing defitiencies. As said before, while the 
microbubbles only have an immaterial or evanescen 
envelope, i.e. they are only sunounded by a wall erf 
liquid whose surface tension is being modified by the 
presence of a surfactant, the microballoons or m.crc- 
capsules have a tangible envelope made of substan- 
tive material other than the carrier itself, e.g. a 
polymeric membrane with definite mechan.ca 
strength. In other terms, they are microspheres of 
solid material in which the air or gas is more or less 
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closes using surface membrane microcapsules con- 

eZ- J" measurements; however it is atoowd 
£ after a period of time the gas -"JJ-J^ 
will dissoive in the blood-stream and the bubbtes 
gradually disappear, this being probab y J5 
dissolution of the gelatin. Before use. £ 
ouies are kept in gelatin solutions in wh,ch they,are 

f ra oe stable but the gelatin needs to be heated and 
ZX!££* liguid at me time the suspension ,s 
used for making injection. • ■ 

Microspheres of improved storage staWMy 

althouoh without gelatin are disclosed in US-A- 

bv sonication (5 to 30 RHz) of viscous protein solu- 
5ons Hke 5% erum albumin and have diameters ,n 
le 2-20 pm range, mainly 2-4 pm. The microspheres 25 
« stabLd by denaturation of the membrane torn- 
fn g poteinafterUication.for^stancebyusinghem 

or by chemical means, e.g. by reaction w,m onma, 
dehyde or glutaraldehyde. The concentration ° 
Se microspheres obtained by this technique « » 
SSto ~,8x10«/m.inthe2^pm rang. > abou 
1 Wml in the 4-5 pm range and less than 5 x 10* in the 
LVum range. The stability time of these micros- 
pore^ sa?d to be 48 hrs or longer and they perm,, 
convenient left heart imaging after -venous ,n,ec- 35 
ion. For instance, the sonicated albumin m,«obub- 
We, when injected into a peripheral vein are capable 
of transpulmonary passage. This results m echoca, 
diographic opacification of the left ventnde cavity as ^ 
well as myocardial tissues. 

Recently sttl further improved microballoons for 
injection ultrasonic echography have been reported ,n 
E S-324.938 (Widder). In this document there are 
Losed high concentrations (more man 10-) « * ■ 
filled protein-bounded micmspheres of toss thanlO 
pm which have life-times of several months or mo e^ 
Aqueous suspensions of these microballoonsar e pro- 
Scedbyuttrasoniccavitationo.so.utionso.denatt^ 

able proteins, e.g. human serum albumin, which 
operation also leads to a degree of " 
n^mbrane-forming protein and its subsequent ha, 
dening by heat. Other proteins such as hemoglobin 
and collagen are said to be convenient also. 

Still more recently MX Wheatley et - B,etna e- 
rials 11 (1990). 71 3-717. have reported the prepa- 55 
ifof polymer-coated microspheres by ionobopic 
Ration oi alginate. The reference mentions severa 
techniques to generate the rn.crocapsu.es, ,n one 



case an alginate solution wasforced 
in an air jet which produced a spray of "ascent air « 

r °of U ga?a a nd S5TS- ~ 

Tube alnged coaxially with the capillary tube and 

sterile air was flown around it through a mantle sur- 

! „n mp second tube. Also in a third case, gas 

Alginate solution before spraying 

was u«w K#%mAnpn pizer or by son cation. The 
pitherbvus ng ahomogenecerui uy 

Scons thus obtained had ^ J 
range 30-100 pm. however still overbed for easily 
oassino through lung capillanes. 
"Te hfchLrage "S2 
microballoons disclosed in 

phase, which is a strong commercial asset since pre- 
paration before use is no longer necessary. However 
thTomteM material used in this document may cause 

praSc ultrasonic tests, a proportion of tne micros- 
pheres « be ruptured which makes 
ducibility awkward; also, these m.croballoons are no. 
Sbl/for oral application as they will no, re-Uhe 
digestive enzymes present in the gashes, »» 
,«rt Moreover it is known thai m.crossheres w.m 
^Uwraremoreechogenicthancorresponding 

m Tre^:--e o. inactions, excessive 
stab ity of me materia! forming the walls o, trie miac- 
sohe es will slow down its biodegradation by the 
J* under test and may result «g* 
zation problems. Hence it is much preferable \o 
develop pressure sustaining microballoons bounded 

V aSande,astic membrane whichcantem^ 
deform under variations of pressure and endowed 
with enhanced echogenicity, also m.gh be 
lualized that micro-balloons with controllable 
Td radability. for instance made of semiperme- 
able biodegradable polymers with controlled micro. 
p "oity for allowing slow penetration of biological 
, iqu ids. would be highly advantageous. 

These desirable features have now been 
achieved with the microballoons of the present inven- 
S as deflned in Cairns 1 and 2. and subsequer, 
claL Moreover, a.triough the present rmcrospheres 
can generally be made relatively short4iveo. i.e. sus- 
ceptLe to b odegradation to cope with the foregoing 



5 



EP 0 458 745 A1 



6 



metabolization problems by using selected types of 
polymers, this feature (which is actually controlled by 
the fabrication parameters) is not a commercial draw- 
back because either the microballoons can be stored 
and shipped dry, a condition in which they are stable 
indefinitely, or the membrane can be made substan- 
tially impervious to the carrier liquid, degradation 
starting to occur only after injection. In the first case, 
the microballoons supplied in dry powder form are 
sknply admixed with a proportion of an aqueous 
phase carrier before use, this proportion being selec- 
ted depending on the needs. Note that this is an 
additional advantage over the prior art products 
because the concentration can be chosen at will and 
initial values far exceeding the aforementioned 
10*/ml, i.e. in the range 10 s to 10 10 . are readily access- 
iWe. It should be noted that the method of the inven- 
tion (to be disclosed hereafter) enables to control 
porosity to a wide extent hence microballoons with a 
substantially impervious membrane can be made 
easily which are stable in the form of suspensions in 
aqueous liquids and which can be marketed as such 
also. 

Microspheres with membranes of interfacially 
deposited polymers as defined in claim 1, although in 
the state where they are filled with liquid, are well 
known in the art They may normally result from the 
emulsification into droplets (the size of which is con- 
trollable in function to the emulsification parameters) 
of a first aqueous phase in an organic solution of 
polymer followed by dispersion of this emulsion into a 
second water phase and subsequent evaporation of 
the organic solvent. During evaporation of the volatile 
solvent, the polymer deposits interfacially at the drop- 
lets boundary and forms a microporous membrane 
which efficiently bounds the encapsulated first 
aqueous phase from the surrounding second 
aqueous phase. This technique, although possible, is 
not preferred in the present invention. 

Alternatively, one may emulsify with an emulsifier 
a hydrophobic phase in an aqueous phase (usually 
containing viscosity increasing agents as emulsion 
stabilizers) thus obtaining an oil-in-water type emul- 
sion of droplets of the hydrophobic phase and there- 
after adding thereto a membrane forming polymer 
dissolved in a volatile organic solvent not miscible 
with the aqueous phase. 

If the polymer is insoluble in the hydrophobic 
phase, it will deposit interfacially at the boundary be- 
tween the droplets and the aqueous phase. Other- 
wise, evaporation of the volatile solvent will lead to the 
formation of said interfacially deposited membrane 
around the droplets of the emulsified hydrophobic 
phase. Subsequent evaporation of the encapsulated 
volatile hydrophobic phase provides water filled 
microspheres surrounded by interfacially deposited 
polymer membranes. This technique which is advan- 
tageously used in the present invention is disclosed 



by K. Uno et al. in J. Microencapsulation 1 (1 984), 3-8 
and K. Makino et al.. Chem. Pharm. Bull 33 (1984), 
1195-1201. As said before, the size of the droplets 
can be controlled by changing the emulsification par- 
5 ameters, i.e. nature of emulsifier (more effective the 
surfactant, i.e. the larger the hydrophiiic to lipophilic 
balance, the smaller the droplets) and the stirring con- 
ditions (faster and more energetic the agitation, the 
smaller the droplets). 
10 In another variant, the interfacial wall forming 

polymer is dissolved in the starting hydrophobic 
phase Itself; the latter is emulsified into droplets in the 
aqueous phase and the membrane around the drop- 
lets will form upon subsequent evaporation of this 
15 encapsulated hydrophobic phase. An example of this 
is reported by J.R. Farnand eta!., Powder Technology 
22 (1978), 1 1-16 who emulsify a solution of polymer 
(eTg. polyethylene) in naphthalene in boiling water, 
then after cooling they recover the naphthalene in the 
20 form of a suspension of polymer bounded microbeads 
in cold water and, finally, they remove the 
naphthalene by subjecting the microbeads to subli- 
mation, whereby 25 yun microballoons are produced. 
Other examples exist, in which a polymer is dissolved 
25 in a mixed hydrophobic phase comprising a volatile 
hydrophobic organic solvent and a water-soluble 
organic solvent, then this polymer solution is emul- 
sified in a water phase containing an emulsifier, 
whereby the water-soluble solvent disperses into the 
30 water phase, thus aiding in the formation of the emul- 
sion of microdroplets of the hydrophobic phase and 
causing the polymer to precipitate at the interface; this 
is disclosed in EP-A-274.961 (H. Fessi). 

The aforementioned techniques can be adapted 
35 to the preparation of air or gas filled microballoons 
suited for ultrasonic imaging provided that approp- 
riate conditions are found to control sphere size in the 
desired ranges, cell-wall permeability or impervious- 
ness and replacement of the encapsulated liquid 
40 phase by air or a selected gas. Control of overall 
sphere size is obviously important to adapt the micro- 
balloons to use purposes, i.e. injection or oral intake. 
The size conditions for injection (about 0.5 - 10 urn 
average size) have been discussed previously. For 
45 oral application, the range can be much wider, being 
considered that echogenicity increases with size; 
hence microballoons in several size ranges between 
say 1 and 1000 um can be used depending on the 
needs and provided the membrane is elastic enough 
so not to break during transit in the stomach and intes- 
tine. Control of cell-wall permeability is important to 
ensure that infiltration by the injectable aqueous car- 
rier phase is absent or slow enough not to impair the 
echographic measurements but in cases, still sub- 
55 stantial to ensure relatively fast after-test biodeg- 
radability, i.e. ready metabolization of the suspension 
by the organism. Also the microporous structure of the 
microballoons envelope (pores of a few nm to a few 
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hund reds of nm or more f£Z 
of thickness ranging from 50- 500 nm) " * 

by using the method disclosed in da,ms 17. 18 and 

. met hod of claim 17. e.g. 

as the hydrophobic phase (at -17 u me vayu 
Assure is the same as that of water) will prov.de 

oeriod of time. Actually, depending on the poiym 
sTc!ed the membrane of the microbal.oons can be 

r^ope ofme 

invention appea^ to be do ^ ^ 
S SS^—i provide more effiden, 

S££ •£* than corres pondin9 "To" 

Ses. The reason is not known bu U cj» be Post- 
ulated that when a gas is in resonance in a closeo 
S£T«- damping properties o, the .attermay be 
different K it is porous or non-porous. 

Other non water sduble organ.c solvents wh.ch 

nave a vapour *<^^£££* 
nitude between about ^O'C and 0 C are con 
a" hydrophobic solvents in this mvenbon. These 
"elude hydrocarbons such as for instance n-ocune. 
cvclooctane. the dimethylcydohexanes. ethyl-cy 
SexSe 2-, 3- and 4-methyl-heptane. 3-ethyl- 
ESTi-n«. xylene. 2^ethyt-2-heptane 
2 2 3 3 tetramethylbutane and the like. Esters such 



srrisrsas - — 

mpthane Freon. helium and other rare g^c 
^e.G^wtthradioacU.e^cerac^canbe 

C0 "t thetiatile advent inso.ub«e in water to be 
used 1<; dissolving the po.ymer to be prec.p ated 

?2££m ^y. -w and propyl """tj 

rolidone (PVP). poiyethylene ^JJ^SS 

Pa" of this water-soluble polymer en reroa.n in 
the envelope of the microballoons or .t can be 
ELS by washing the beads before mJJ* 
them to final evaporation of the encap 
hydrophobic core phase. 

The emulsifiers to be used (0.1-5 /. Dy we y , 
oroJde the oil-in-water emuls.on of the hydrophobe 
Z e i he aqueous phase indude mos, phys,o,og, 

assrr: 

Iters of fatty acids with polyoxyalkylene compounds 

ss; s-* acids wuh p«2r£ 

orbitan; soaps; glycerol-polyalkylene ste^ate. g.y 

=====5-3= 

lycerides of saturated or unsaturated fatty aods. 
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aWcerides or soya-oil and sucrose. 

The polymer which constitutes the envelope or 
bounding membrane of the injectable microbafloons 
can be selected from most hydrophnic. biodegradable 
physiologically compatible polymers. Among such 
polymers one can cite polysaccharides of low water 
solubility, polylactides and potyglycolides and the.r 
copolymers, copolymers of lactides and lactones 
such as e-caprolactone. 6-valerolactone, polypep- 
tides, and proteins sucr, as gelatin, collagen, globulins 
and albumins. The great versatility in the selection of 
synthetic polymers is another advantage of the pre- 
sent invention since, as with allergic patients, one 
may wish to avoid using microballoons made of. 
natural proteins (albumin, gelatin) like in US : A- 
4,276 885 or EP-A-324.938. Other suitable polymers 
include poly-(ortho)esters (see for instance- US-A- 
4 093 709; US-A^.131,648; US-A-4.1 38.344; US-A- 
4*180 646); polylactic and polyglycolic acid and their 
copolymers, for instance DEXON (see J. Heller. 
Biomateriais 1(1980). 51; poly(DUacude-cc-&-cap- 
roiactone). pdy(DL-lac*ide-co-*-valerolactone). po- 
ly(DL-lactide-cc-g-butyrolactone). pdyalkyicyanoacry- 
lates; polyamides. polyhydroxybutyrate; polydioxa- 
none; poly-p-aminoketones (Polymer 23 (1982). 
1693); polyphospha2enes (Science 193 (1976). 
1214); and polyanhydrides. References on biodeg- 
radabl'e polymers can be found in R. Langer et al.. 
Macromol. Chem. Phys. C23 (1983). 61-126. Polya- 
mino-acids such as poJyglutamic and polyaspart.c 
acids can also be used as well as their derivatives, i.e. 
partial esters with lower alcohols or glycols. One use- 
ful example of such polymers is poly-(Lbutyl-gluta- 
mate). Copolymers with other amino-acids such as 
methionine, leucine, valine, proline, glycine, alamine. 
etc. are also possible. Recently some novel deriva- 
tives of polyglutamic and polyaspartic acid with con- 
trolled biodegradability have been reported (see 
WO87/03891; US 4.888.398 and EP-130.935 incor- 
porated here by reference). These polymers (and 
copolymers with other amino-acids) have formulae of 

the following type; 

-<NH-CHA-CO),(NH-CHX-CO) y 

where X designates the side chain of an amino-acid 

residue and A is a group of formula -(CH^nCOOR^R 2 - 

OCOR(ll). with R' and R 2 being H or lower alkyls, and 

R being aikyl or aryt; or R and R 1 are connected 

together by a substituted or unsubstituted linking 

member to provide 5- or 6- membered rings. 

A can also represent groups of formulae: 

-<CH 2 ) n COO-CHR 1 COOR ■ (I) 

and 

-<CH 2 ) r ,CO(NH-CHX-CO) fr NH-CH(COOH)- 
(CH^COOH (HI) 
and corresponding anhydrides. In all these formulae 
n. m and p are lower integers (not exceeding 5) and 
x and y are also integers selected for having molecu- 
lar weights not below 5000. 



The aforementioned polymers are suitable for 
making the microballoons according to the invention 
and, depending on the nature of substftuents R, R\R 
and X. the properties of the membrane can be controt- 
5 led. for instance, strength, elasticity and biodeg- 
radability. For instance X can be methyl (alanine), 
isopropyl (valine), isobutyl (leucine and isoleuc.ne). 
benzyl (phenylalanine). 

Additives can be incorporated into the polymer 
10 wall of the microballoons to modify the physical 
properties such as dispersibility, elasticity and water 
permeability. For incorporation in the polymer, the 
additives can be dissolved in the polymer carrying 
phase e.g. the hydrophobic phase to be emulsified in 
,s the water phase, whereby they will co-precipitate with 
the polymer during inter-facial membrane formation. 

Among the useful additives, one may cite com- 
pounds which can -hydrophobize" the microballoons 
membrane in order to decrease water permeabihty. 
20 such as fats, waxes and high molecular-weight hyd- 
rocarbons. Additives which improve dispersibility o, 
the microballoons in the injectable liquid-earner are 
amphipatic compounds like the phospholipids; they 
also increase water permeability and rate of b.odeg- 

25 rad ability. 

Non-biodegradable polymers for making micro- 
balloons to be used in the digestive tract can be seleo 
ted from most water-insoluble, physiologically 
acceptable, bioresistant polymers including polyole- 
30 fins (polystyrene), acrylic resins (polyacrylates. 
polyacrylonitrile). polyesters (polycarbonate), 
polyurethanes. polyurea and their copolymers. A3S 
(acryl-butadienestyrene) is a preferred copolymer. 
Additives which increase membrane elasticity are 
35 the piasticizers like isopropyl myristate and tne like. 
Also, very useful additives are constituted by polym- 
ers akin to that of the membrane itself but with rela- 
tivelv low molecular weight. For instance when using 
copolymers of polylactic/polyglycolic type as the 
40 membrane forming material, the properties of the 
membrane can be modified advantageously (enh- 
anced softness and biodegradability) by incorporat- 
ing, as additives, low molecular weight (1000 to 
15,000 Dalton) poiyglycolides or polylactides. Also 
45 polyethylene glycol of moderate to low M w (e.g. PEG 
2000) is a useful softening additive. 

The quantity of additives to be incorporated in the 
polymer forming the inter-facially deposited mem- 
brane of the present microballoons is extremely van- 
50 able and depends on the needs. In some cases no 
additive is used at all; in other cases amounts of addi- 
tives which may reach about 20% by weight of the 
polymer are possible. 

The injectable microballoons of the present 
55 invention can be stored dry in the presence or in the 
absence of additives to improve conservation and 
prevent coalescence. As additives, one may select 
from 0.1 to 25% by weight of water-soluble physiology 
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cally acceptable compounds such as mannitol, galac- 
tose, lactose or sucrose or hydrophilic polymers like 
dextran, xanthan, agar, starch, PVP, polyglutamic 
acid, polyvinylalcohol (PVA), albumin and gelatin. 
The useful life-time of the microballoons in the inject- 5 
able liquid carrier phase, i.e. the period during which 
useful echographic signals are observed, can be con- 
trolled to last from a few minutes to several months 
depending on the needs; this can be done by control- 
ling the porosity of the membrane from substantial io 
imperviousness toward carrier liquids to porosities 
having pores of a few nanometers to several hun- 
dreds of nanometers. This degree of porosity can be 
controlled, in addition to properly selecting the mem- 
brane forming polymer and polymer additives, by 15 
adjusting the evaporation rate and temperature in 
step (4) of the method of claim 17 and properly select- 
ing the nature of the compound (or mixture of com- 
pounds) constituting the hydrophobic phase, i.e. the 
greater the differences in its partial pressure of 20 
evaporation with that of the water phase, the coarser 
the pores in the microballoons membrane will be. Of 
course, this control by selection of the hydrophobic 
phase can be further refined by the choice of stabiliz- 
ers and by adjusting the concentration thereof in order 25 
to control the rate of water evaporation during the 
forming of the microballoons. All these changes can 
easily be made by skilled ones without exercizing 
inventiveness and need not be further discussed. 

It should be remarked that although the microbal- ao 
loons of this invention can be marketed in the dry 
state, more particularly when they are designed with 
a limited life time after injection, it may be desirable to 
also sell ready preparations, i.e. suspensions of 
microballoons in an aqueous liquid carrier ready for 35 
injection or oral administration. This requires that the 
membrane of the microballoons be substantially 
impervious (at least for several months or more) to the 
carrier liquid. It has been shown in this description that 
such conditions can be easily achieved with the pre- *o 
sent method by property selecting the nature of the 
polymer and the interfacial deposition parameters. 
Actually parameters have been found (for instance 
using the polyglutamic polymer (where A is the group 
of formula II) and cyclooctane as the hydrophobic 45 
phase) such that the porosity of the membrane after 
evaporation of the hydrophobic phase is so tenuous 
that the microballoons are substantially impervious to 
the aqueous carrier liquid in which they are suspen- 
ded. 50 

A preferred administrate preparation for diag- 
nostic purposes comprises a suspension in buffered 
or unbuffered saline (0.9% aqueous NaCI; buffer 10 
mM tris-HC!) containing 10M0* 0 vesicles/ml. This 
can be prepared mainly according to the directions of 55 
the Examples below, preferably Examples 3 and 4, 
using poly-(Dl-lactide) polymers from the Company 
Boehringer, ingelheim, Germany. 



The following Examples illustrate the invention 
practically. 

Example 1 

One gram of polystyrene was dissolved in 19 g of 
liquid naphthalene at 100°C. This naphthalene solu- 
tion was emulsified at 90-95°C into 200 ml of a water 
solution of polyvinyl alcohol (PVA) (4% by weight) 
containing 0.1% of Tween-40 emulsifier. The emul- 
sifying head was a Polytron PT-3000 at about 10,000 
rpm. Then the emulsion was diluted under agitation 
with 500 ml of the same aqueous phase at 15°C 
whereby the naphthalene droplets solidified into 
beads of less than 50 urn as ascertained by passing 
through a 50 um mesh screen. The suspension was 
centrifugated under 1000 g and the beads were 
washed with water and recentrifugated. This step was 
repeated twice. 

The beads were resuspended in 100 mi of water 
with 0.8 g of dissolved lactose and the suspension 
was frozen into a block at -30°C. The block was there- 
after evaporated under about 0.5-2 Torr between 
about -20 and -10°C. Air filled microballoons of aver- 
age size 5-10 um and controlled porosity were tfius 
obtained which gave an echographic signal a: 2.25 
and 7.5 MHz after being dispersed in water (3% dis- 
persion by weight). The stability of the microbaiioons 
in the dry state was effective for an indefinite period 
of time; once suspended in an aqueous earner liqu.C 
the useful life-time for echography was about 30 mm 
or more. Polystyrene being non-biodegradable, this 
materia! was not favored for injection echography but 
was useful for digestive tract investigations. This 
Example clearly establishes the feasioiiiry of the 
method of the invention. 

Example 2 

A 50:50 copolymer mixture (0.3 g) of DL-lactide 
and giycolide (Du Pont Medisorb) and 16 mg of egg- 
lecithin were dissolved in 7.5 ml of CHC! 3 to give sol- 
ution (1). 

A solution (2) containing 20 mg of paraffin-wax 
(M.P. 54-56°C) in 10 ml of cyclooctane (M.P. 10-13 °) 
was prepared and emulsified in 150 ml of a water sol- 
ution (0.13% by weight) of Pluronic F-108 (a block 
copolymer of ethylene oxide and propylene oxide) 
containing also 1.2 g of CHCl 3 . EmuJsification was 
carried out at room temperature for 1 min with a Polyt- 
ron head at 7000 rpm. Then solution (1) was added 
under agitation (7000 rpm) and. after about 30-60 sec. 
the emulsifier head was replaced by a helical agitator 
(500 rpm) and stirring was continued for about 3 hrs 
at room temperature (22°C). The suspension was 
passed through a 50 urn screen and frozen to a block 
which was subsequently evaporated between -20 and 
0*C under high-vacuum (catching trap -60 to -80°C). 
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There were thus obtained 0.264 g (88%) of allied 
microballoons stoble in the dry state. 

Suspensions of said microbalioons ,n water no 
stobilizers) gave a strong echography signal for at 
M one hour. After injection in the organ** they 5 
biodegraded in a few days. 



Example 3 

Asolution was made using 200 ml ahydrofu- 
™>™n 08 g of a 50:50 DL-lacbde/glycohde 
rpr2(BoehnVAG).80n^ofegg-.edthin^ 

^ of^mn-wax and 4 ml of octane. This so.ut.on 
edified by adding siow ly into400mioa0.1^ 
aqueous solution of Plutonic F-108 under heUca^ag> 
.In (500 r. P .m.). After stirring for 15 ™J££* 
dispersion was evaporated under 10-12 Ton -X i C .n 
a rotevapor until its vdume was reduced to about 400 
m^The dispersion was sieved on a 50 pm grabng 
*a„ it was frozen to ^0°C and freeze-dned under 
about 1 Torr. The residue, 1.32 g of very f.ne powder, 
wes taken with 40 ml of distilled water which provided 
after 3 min of manual agitation, a very nomogeneous 
dispersion of microballoons of average scze 4 5 urn as 
marred using a partide analyzer (Mas.ers.zer from 
Malvern). The concan.ra.ion of microballoons (Coul- 
Ter Counter) was about 2 x 10Wml. This suspension 
gave strong echography signals which pers.sted for 

^Mhe present example, the additives to the 
membrane po.ymer are omrtted. i.e. there is used lorty 
800 mg of the lactide/glycolide copolymer in the THr- 
/octane solution, a dramatic decrease in cell-wall per- 
meabiity is observed, the echography signal of the 
dbpersion in the aqueous carrier not be,ng s.gnf.c 
antiy attenuated after 3 days. 

Using intermediate quantities of additives pro- 
vided beads with controlled intermediate porosity and 
life-time. 

Example 4 
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There was used in this Example a polymer of for- 
mula defined in claim 8 in which the side group has 
formula (II) where R< and R* are hydrogen and R .s « 
teftbutyt. The preparation of this polymer (defined as 
poly-POMEG) is described in US-A-t.888 398. 

The procedure was like in Example 3. us.ng 0.1 
gpo ly-POMEG,70mlofTHF. 1 ml of cyciooctane and 
100 ml of a 0.1% aqueous solution of Pluromc F-108. so 
Nolecithin or high^nolecularweight hydrocarbon was 

added. The m8ky emulsion was ^P ora, f d a ' 
27*C/10 Torr until the residue was about 100 ml. then 
it was screened on a 50 pm mesh and frozen. Evapor- 
afen of the frozen block was carried out (0.5-1 Torr) 55 
una dry. The yield was 0.18 g because of the pre- 
sence of the surfactant This was dispersed .n 10 ml 
of distilled water and counted with a Coulter Counter. 



The measured concentration was found to be 1.43 x 
10' microcapsules/ml. average size 5.21 pm as deter- 
mined with a particle analyzer (Mastersrxer from Mal- 
vern). The dispersion was diluted 100 x, te. to give 
about 1 5 x 10? microspheres/ml and measured for 
echogenicity. The amplitude of the echo signal was 5 
fimes greater at7.5 MHz than at 2.25 MHz.These s.g- 
nals were reproducible for a long period of Ume. 

Echogenicity measurements were performed 
with a pulse-echo system consisting of a p\ex,^s 
specimen holder (diameter 30 mm) with a 20 pm th.ck 
Mylaracousticwindow.atransducerholdenmmersed 

in a constant temperature water bath, a pulser- 
receiver (Accutron M3010JS) with an external pre- 
amplifier with a fixed gain of 40 dB I and an .internal 
amplifier with gain adjustable from -10 to +40 dB and 
interchangeable 13 mm unfocused transducers. A 10 
MHz low-pass filter was inserted in the receiv.ng part 
to improve the signal to noise ratio. The A/D board in 
the IBM PC was a Sonotek STR 832. Measurements 
were carried out at 2.25. 3.5. 5 and 7.5 MHz. 

If in the present Example, the polymer used e 
replaced by lactic-lactone copolymers, the lactones 
being y -butyrolactone. 6-valerolactone or e^aproiac- 
tone (see Fukuzaki et al., J. Biomedical Mater. Res. 
25 (1991) 315-328). similar favorable results were 
Stained. Also in a similar context, polyalkyicyano- 
acrylates and particularty a 90:10 copolymer pdy<DL- 
lacbde-coglycolide) gave satisfactory results. F.na.ly. 
a preferred polymer is a poly(DL-lactide) from tne 
Company Boehringer-lngelheim sold under the name 
"Resomer R-206"or Resomer R-207. 

Example 5 

Two-dimensional echocardiography was perfor- 
med using an Acuson-128 apparatus with tne preoa- 
ration of Example 4 (1.43 x 10'/ml) in an experiment 
dog following peripheral vein injection of 0.1-2 m. o! 
the dispersion. After normally expected contrast enh- 
ancement imaging of the right heart, intense and per- 
sistent signal enhancement of the left heart with clear 
outlining of the endocardium was observed, thereby 
confirming that the microballoons made with poly-PO- 
MEG (or at least a significant part of them) were able 
to cross the pulmonary capillary circulation and to 
remain in the blood-stream for a time suffiaent lo per- 
form efficient echographic analysis. 

In another series of experiments, pers.stent enh- 
ancement of the Doppler signal from systemic artenes 
and the portal vein was observed in the rabb.t and .n 
the rat following peripheral vein injection of 0.5-2 ml 
of a preparation of microballoons prepared as d.s- 
closed in Example 4 but using poly(DL-lactic add) as 
the polymer phase. The composition used contained 
1 9 x10» vesicles/ml. 

Another composition prepared also accord.ng to 
the directions of Example 4 was achieved using po- 
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ivftertbutyt-glutamate). This composition (0.5 ml) at 
SEESS x 1 0= microballoons/m. was injected m 
the portal vein of rats and gave pers,stent contrast 
enhancement of the liver parenchyma. ^ 

Example 6 

Amicroballoonsuspension(1.1x10' vesicles/ml) 
was P^ared as disdosed in Example 1 freer, , = 
^.vs^ene) One ml of this suspension was d.lu ed « 
I S of 300 mM mannitol solution and 7 ml of 

to aTaboratory raL The animal was exammed w,th an 
A^oM28^ P aratosfor2^in^nsionalecho g raphy 

„n nf the diaestive tract which deariy showed is 



Claims 20 

^ Microcapsules or microballoons of micronic : or 
submicronic s*e bounded by a polymer mem- 
brane filled with air or a gas suitable, when .n the 
form of suspensions in a liquid earner to be 
administered to human or an,mal patent ^ for 
therapeutic or diagnostic applications, e.g. forthe 
purpose of ultrasonic echography .mag.ng. 
Characterized in that the polymer of the mem- 
brane is a deformable and resilient .nterfacally 
deposited polymer. 

, Air or gas filled microballoons bounded by an 
' elastic interfacial polymeric membrane adapted 
to form with suitable physiologically acceptable 
aqueous carrier liquids suspensions to be token 
orally, rectally and urethralty. or injectable ,nto l.v- 
ing organisms for therapeutic or diagnostic pur- 
poses, characters in being non-coalescentdry 
and instantiy dispersible by admixing w,th sa.d 
liquid carrier. 

3 The microballoons of claims 1 or 2 having size 
" mostly in the 0.5-10 urn range suitable for injec 
tion into the blood-stream of living beings, charac- 
terized in that the membrane polymer .s 
biodegradable and the membrane is either ■mper- 
vious or contains pores permeable to bioachve 
liquids for increasing the rate of blodegradabon. 

4 The microballoons of daim 3. in which the 
' polymer membrane has a porosity ranging from a 
few nanometers to several hundreds or 
thousands of nanometers, preferably 50-2000 
nm. 

5 The microballoons of claim 3. in which the mem 
' brane is elastic, has a thickness of 50-500 1 nm 
and resists pressure variations produced by heart 
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beat pulsations in the blood-stream. 

The microballoons of claim 3. in which the 
of the membrane is a biodegradable 
polymer selected from polysacchandes pdyanv- 
no-adds, polytactides and pdyglycol.des and 
copolymers, copolymers of. actides and lac- 
tone*, polypeptides. poly-(ortho esters, 
polydioxanone, poty-p-amino-ketones, polyphos- 
phazenes, polyanhydrides and poly(alky1- 
cyanoacrylates). 

The microballoons of daim 3, in which the mem- 
• ST olymer is seleded from polygamic or 
pdyaspartic acid derivatives and the.r copolym- 
ers with other amino-acids. 

; The microballoons of daim 7, in which the polyg- 
iam" and polyasparhc acid derivatives .are 
selected from esters and amides mvolvmg the 
cloxy.atedsidefundionthereof.saids.defunc- 

tions having formulae 

^CH^COO-CHR'COOR (')■ 

-(CH^COOR'R^-O-COR (»)■ 

OF ^CH 2 )„CO(NH-CHX-CO)„NHCH(COOH)- 

(CH^GOOH (I"), 
in which R is an alkyl or aryl substituenu R and 
rz are H or lower a.kyls,or R and R 1 are connec- 
ted together by a substituted or unsubsbtuied 
linking member to form a 5- or 6-memberec > nn* 
nislor2 : pis1.2or3;misan m teger«^omlto 

5 and X is a side chain of an am.noac.d restdue. 

9 The microballoons of daim 3. in which the mem- 
• brane polymer contains additives to conloM he 
degree of elasticity, and the s.ze and density of 
the pores for permeability control. 

10 . The microballoons of Cairn 9, in which saic laddi- 
tives include plasticizers. amph.patic substances 
and hydrophobic compounds. 

11. The microballoons of daim 10. in which the plas- 
ters include isopropyl rnyristate glyceryl 
m onosteara t eandthe.iketoconUo.flex,W,ty.he 

amphipatic substances include surfactant and 
phospholipids like the lecithins to cento* per- 
meability by increasing poros-ty and the 
hydrophobic compounds indude h,gh molecular 
weight hydrocarbon like the paraffinwaxes to 
reduce porosity. 

12 The microballoons of daim 10. in which the addi- 
tives indude polymers of low molecular weight, 
e g in the range of 1000 to 15.000. to control soft- 
ness and resiliency of the microballoon mem- 
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13. The microballoons of claim 12. in which the low 
molecular weight polymer additives are selected 
from polyiactides, polyglycolides. polyalkylene 
glycols like polyethylene glycol and polyp- 
ropylene glycol, and polyols like polyglycerol. 

14 The microballoons of daims 1 or 2. having size up 
to about 1000 urn suitable for oral, rectal and 
urethral applications, characterized in that the 
membrane polymer is not biodegradable in the 
digestive tract and impervious to b»olog.cal 
liquids. 

15 The microballoons of claim 14, in which the 
polymer is selected from polyolefins. potyacry- 
lates. polyacrylonitrile. non-hydrolyzable polyes- 
ters, polyurethanes and polyureas. 

16 Aqueous suspension of the microballoons 
according to claims 1 or 2 for administration to 
patients, characterized in containing a concen- 
tration of about 10« to 10 10 microballoons/ml, this 
being stable for a period exceeding a month. 

17. A method for making air or gas filled microbal- 
* loons usable as suspensions in a carrier liquid for 
oral, rectal and urethral applications, or for injec- 
tions into living organisms, this method compris- 
ing the steps of: 

(1) emulsifying a hydrophobic organic phase 
into a water phase so as to obtain droplets of 
said hydrophobic phase as an oil-in-water 
emulsion in said water phase; 

(2) adding to said emulsion a solution of at 
least one polymer in a volatile solvent insolu- 
ble in the water phase, so that a layer of said 
polymer will form around said droplets; 

(3) evaporating said volatile solvent so that 
the polymer wHl deposit by interfacia! precipt- 
tation around the droplets which then form 
beads with a core of said hydrophobic phase 
encapsulated by a membrane of said polymer, 
said beads being in suspension in said water 
phase; 

(4) subjecting said suspension to reduced 
pressure under conditions such that said 
encapsulated hydrophobic phase be removed 
by evaporation; 

characterized in that said hydrophobic 
phase is selected so that in step (4) it evapo- 
rates substantially simultaneously with the 
water phase and is replaced by air or gas. 
whereby dry. free flowing, readily dispersible 
microballoons are obtained. 

18. T*e method of daim 17, in which said polymer is 



dissolved in said hydrophobic phase, so that 
steps (2) and (3) can be omitted and the polymer 
membrane will form by interfacial precipitabon 
during step (4). 

5 19. The method of daim 17. characterized in that 
evaporation of said hydrophobic phase in step (4) 
is performed at a temperature where the partial 
vapour pressure of said hydrophobic phase is of 
to the same order as that of water vapour. 

20. The method of claim 17, in which said evapor- 
ation of step (4) is carried out under freeze-drymg 
conditions. 



15 21. The method of daim 20, in which freeze-drying is 
effected at temperatures of from -40°C to 0°C. 

22. The method of daims 17 or 19, in which the 
20 hydrophobic phase is selected from organic com- 

pounds having a vapour pressure of about 1 Torr 
at a temperature comprised in the interval of 
about -40°C to 0°C. 

25 23. The method of daims 17 or 18. in which the 
aqueous phase comprises, dissolved, from about 
1 to 20% by weight of stabilizers comprising 
hydrophBic compound selected from sugars. 
PVA. PVP. gelatin, starch, dextran. polydextrose. 
30 albumin and the like. 

24. The method of daim 18. in which additrves to con- 
trol the degree of permeability of the microbal- 
loons membrane are added to the hydrophob.c 

35 phase, the rate of biodegradability of the polymer 

after injecting the microballoons into Irving organ- 
isms being a function of said degree of permeab>- 
lity. 

25. The method of claim 24, in which the said addi- 
tives indude hydrophobic solids like fats, waxes 
and high molecular weight hydrocarbons, the pre- 
sence of which in the membrane polymer of the 
microballoons will reduce permeability toward 

45 aqueous liquids. 

26. The method of claim 24, in which the said addi- 
tives indude amphipatic compounds like the 
phospholipids, or low molecular weight polymers. 

so the presence of which in the membrane polymer 

will increase permeability of the microballoons to 
aqueous liquids. 
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27. The method of claim 1 8. in which the hydrophobic 
phase subjected to emulsiftcation in said water 
phase also contains a water-soluble solvent 
which, upon being diluted into said water phase 
during emulsification. will aid in reducing the size 
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of droplets and induce interfacial precipitation of 
the polymer before step (4) is carried out 

28. A method for making air or gas filled microbaJ- 
loons usable as suspensions in a carrier liquid for 5 
oral, rectal and urethral applications, or for injec- 
tions into living organisms, this method compris- 
ing the steps of: 

(1) emulsifying a hydrophobic organic phase 

into a water phase so as to obtain droplets of 10 
said hydrophobic organic phase as an oil-in- 
water emulsion in said water phase, said 
organic phase containing, dissolved therein, 
one or more water-insoluble polymers; 

(2) subjecting said emulsion to reduced press- is 
ure under conditions such that . said 
hydrophobic phase be removed by evapor- 
ation, whereby the polymer dissolved in the 
droplets will deposit mterfacialiy and form a 
polymer bounding membrane, the droplets 20 
being simultaneously converted to microbal- 
loons. 

characterized in that said hydrophobic 
phase is selected so that in step (2) it evapo- 
rates substantially simultaneously with the 25 
water phase and, upon evaporation, is rep- 
laced by air or gas, whereby the microballoons 
obtained are in dry, free flowing and readily 
dispersible form. 

30 

29. The method of claim 28. in which the hydrophobic 
polymer solution phase subjected to emulsifi- 
cation in said water pnase also contains a water- 
soluble solvent which, upon being diluted into 
said water phase during emulsification, will aid in 35 
reducing the size of droplets and induce imer- 
facial precipiiations of the polymer before step (2) 

is carried out. 

30. The method of claim 28, in which said organic <o 
hydrophobic phase emulsified in step (1 ) contains 

no polymer dissofved there in, and before carrying 
through step (2). the following additional steps 
are performed: 

(1a) adding to said emulsion a solution of at 4$ 
least one polymer in a volatile solvent insolu- 
ble in the water phase, so that a layer of said 
polymer will form around said droplets: 
(1b) evaporating said volatile solvent so that 
the polymer will deposit by interfacial precipi- 50 
tation around the droplets, thus forming micro- 
balloons or beads with a core of said 
hydrophobic phase encapsulated by a mem- 
brane of said polymer, said beads being in 
suspension in said water phase, whereby in 55 
step (2) evaporation of said hydrophobic 
phase takes place through said membrane 
and provides it with substantial microporosity.. 



31. An injectable aqueous suspension of microbal- 
loons containing 1 0M 0 10 vesicles/ml bounded by 
a membrane of interfactally precipitated Dl-lac- 
tide polymer defined by the commercial name of 
Resomer. 
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